BENCHMARKS
Knowing the viability of cell cultures before, during, and after experiments is an integral part of determining the nature of phenomena associated with work conducted in biomedical engineering laboratories. One of the best markers of viability is adenosine triphosphate (ATP), which is the primary energy source for all metabolic reactions and is present in all viable cells. As cellular processes are interrupted due to chemical effects, physical damage, or a depletion of essential nutrients or oxygen, ATP levels are diminished. This characteristic allows determination of released ATP to be a good measure of overall culture viability (1, 2) . While several ATP assay methods exist, bioluminescent determination is of most interest from the standpoint of rapid screening of multiple samples. Bioluminescent measurement of ATP has been previously described (1, 3) and applied to automated high-throughput cytotoxicity screening in pharmaceutical research and development (4) . While this level of sophistication and throughput is unnecessary at the bench level, the ease of use, speed, and accuracy of luminescent detection is attractive for viability determination in laboratories that employ differential chemical treatment to generate responses from cell cultures or tissue engineered constructs. This is the case in many biomedical engineering laboratories that are not traditional cell biology facilities. In these laboratories, it may be efficient to conduct viability experiments on more generalized equipment, such as a charge-coupled device (CCD) camera-based imaging system, which should be able to quantitate bioluminescent signals. Recently, a kit for the extraction and bioluminescent determination of ATP was made available. The ViaLight™ Plus kit (Cambrex, Rockland, ME, USA) includes all of the reagents necessary to lyse cells and measure ATP in each well of a luminescence-compatible 96-or 384-well microplate. As designed, the assay requires reading of the plate via luminometer for determination of ATP concentration. The study presented here was designed to explore detection of ATP-dependent luminescence from the ViaLight Plus kit with a CCD-based BioChemi™ BioImaging™ System (UVP, Upland, CA, USA).
To test the ability to perform luminescence-based microplate viability experiments using an imaging system, it was decided to first conduct a feasibility analysis. A dilution profile based on a known number of live cells was employed to provide a detection limit and establish a decision point for moving forward with a more complicated and useful cytotoxicity assay based upon chemical exposure. All experiments were conducted with Mono Mac 6 (MM6) cells (DSMZ, Braunschweig, Germany), a human monocytic cell line, cultured in RPMI 1640 medium (Sigma, St. Louis, MO, USA) supplemented with 10% heat-inactivated bovine serum (Sigma) cultivated as described previously (5) .
For dilution experiments, 1 mL of cell suspension was removed from an actively growing MM6 culture and used as a sample source for determination of cell density and viability via trypan blue exclusion. After establishing cell density and viability, a dilution study was conducted using a varying number of cells added to a luminescencecompatible white 96-well microplate (Cambrex). The dilution range encompassed points at 70,000, 50,000, 40,000, 25,000, 12,500, 6250, and 0 live cells/well. The final volume of each well was 130 μL, prepared by combining appropriate volumes of cell suspension and phosphate-buffered saline (PBS) to achieve the desired number of live cells/well. Six replicates of each cell number were assayed according to ViaLight Plus Instructions (http://www.cambrex. com/Content/Documents/Bioscience/ ViaLight%20Plus%20Aw.pdf), and the resulting luminescence was recorded over a 7-min exposure at full aperture using the BioChemi BioImaging System. The captured image was analyzed using LabWorks™ software (UVP), resulting in an integrated optical density (IOD) signal value for each well. A Q-test was performed on the data, and the average IOD and standard deviation for each point was plotted. As shown in Figure 1 , a linear relationship between average IOD and live cell number was obtained between 0 and 50,000 live cells/well.
To determine the applicability of the assay procedure on cells exposed to representative experimental conditions, a cytotoxicity study using staurosporine was undertaken. Staurosporine was chosen as an antagonist due to its ability to induce cell death via apoptosis in a wide variety of cell types (6,7), including leukocytes. Nine staurosporine (Sigma) concentrations between 0.05 and 2.50 μM were chosen Bioluminescence-based ATP assays using a charge-coupled device imaging system 
and examined in duplicate. Eighteen flasks were seeded to an initial density of 3 × 10 5 live cells/mL in fresh RPMI 1640 medium plus 10% bovine serum. The appropriate amount of staurosporine was then added to each flask. Cultures were left to incubate at 37°C and 5% CO 2 for 48 h, at which time cell density and viability were determined by trypan blue exclusion. Based on these counts, a total of 35,000 cells/ well (no discrimination between live and dead) were plated as before in a 96-well luminescence-compatible microplate. Three replicates from each flask, a total of six samples for each treatment condition, were examined. The volume of each well was adjusted to 120 μL with PBS, and the ViaLight Plus assay was conducted according to the instructions. Exposure time for these experiments was increased to 10 min at full aperture, and the resulting well signals were not as bright as those obtained from dilution experiments. Figure 2 demonstrates the results of the staurosporine experiments and indicates that the assay was able to discriminate changes in cell viability with staurosporine treatment.
Results of this study demonstrate the ability to use bioluminescent ATP assays as a rapid method for determining cell viability from large sample numbers with a CCDbased imaging system. The linear relationship obtained between live cell number/well and average IOD from 0 to 50,000 live cells/well showed the adequate sensitivity of the method for a wide range of culture assays. While experiments with fewer than 6250 live cells/ well were not undertaken in this study, it is likely that with assay optimization for specific conditions, significant differences in bioluminescence would be detectable at lower cell numbers yielding sensitivities approaching that of the ViaLight Plus assay performed on a luminometer. Staurosporine exposure results showed that the BioChemi System was able to discriminate between relatively small changes in chemical treatment conditions. While the working range of signal that was obtained was somewhat small (0-0.25 μM), these studies were intended only to provide evidence of the feasibility of the technique. With optimization to address specific experimental requirements, sufficient sensitivity for a wide variety of cytotoxicity/ viability assays should be achievable. Based upon the presented results, the use of a CCD-based imaging system for bioluminescent ATP-based viability determination may provide a quick and reliable screening method applicable to a variety of biomedical engineering and bioscience laboratories. 
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